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(54) PLASMA PRODUCING DEVICE, MANUFACTURE OF SEMICONDUCTOR ELEMENT USING IT, AND 
SEMICONDUCTOR ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To apply a uniform plasma processing to the 
surface of a semiconductor wafer having a large diameter. 
SOLUTION: Electromagnetic waves generated by a wave source 1 are 
cast into a dielectric hatch 6 through the second wave transmission part 
4. Then the waves are diffused by the hatch 6 and led into a vessel 16 
from a ring- shaped wave emission part 8 formed between a wave 
reflecting board 7 and aux. reflecting board 17 installed in the lower part 
of the hatch 6. The electromagnetic waves react with the processing gas 
introduced into the vessel 16 from a gas supply system 34 and produce a 
uniform plasma in the upper part of the vessel 16. With plasma irradiation, 
a uniform plasma processing is applied to the surface of a specimen 12 as 
a large-diameter wafer placed in the vessel 16. 
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«RE#«*Kttfc - £ * #mfr S 7"^ X^fiRS 

b. 

ttl#Si^ £ £ tr C £ * tirtt £ T * JR 1 E* © 7 5 7; 

l»*JB3] tfrER*fl£«ttftfc*rU ^WT^^RjlL 
TiHE UfcltrEf 'L"»fl£ £«fE*iB»S*t«£ L- 

fc^t*«r*t-r*ai*5i2Eao^ , 7Xv^dt36ii. 

[W*3S4] |ftE«8ft£^0lftEft«fl:&flHSffi 

6»T*«£i€:tt«£T«»#JE4i;:E*©:/5Xv 
HB*B6] tftEttftft£ftttK&. «TE««ft:SS^KJt 

[»*JS7] ttr£B^£at«£limR«tt£<aft«£ 

<ffl^ffi£§iKlW~i^-¥ffi£L/iC££^a£T-2>!S* 
Jl 6 ICEKO 7,* v<tySg«. 
[«*JS 8 ] ttrEB8ft£at«©ft«gft%ffi#'Bt«#: 

Xv£j£ge„ 

9 ] WE«B»S»tEoa(rE»«flsS8^011tf* 

[ffisfcJSl 0] «rE*«ijftR*tS*7-^lc#jiUfcC 
<fc£4*a£T*»3R3Kl lcE*©:^Xv£fiSgfi. 
[fflljRSil 1] ltrEttS&£S*&0ft«£flll::irEaffi 

m&mi 2] itrEmBJRswisttJ'&siffsffli^.i^t 

$-^r@![£-r^»*3S 1 (CE*©7"7 Xv£fiR3£B. 
[«#J«l 3] ffrER3#£$ft«¥©&ft£tf£c<7)tt 

•fleet o ausr * c t z&mtrzm&m 1 kieih© 

75Xv£{3aKB. 

[»««14] ttEftttttfteti. tftEBettemas^ 

& BUEtt«^ (3 Ifil !t T T— /t - CUkTcT 4 £ MS »fi)t 

c t z&mt-rzm&m 2 ice*«77 x^£ 

[W^JSl 5] lWE*«&#ttilfflE«iBftK**«#*8t 

$^T^-3^£^!teS<h-rofB*JS 1 4 ICE® ©7" 7 7,* 
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[IMPS 16] C<B*8«fE£jRT?3S 

£ l fcrn^ft f c «t 0 * 1: tz 7 xv sr ffijtt^ ft«$# 

§§ £ . ttttffift%£B £fttt£M<Cl9:t? 5 *lJfc«««e 
SlffitSB*.. lfflE*«ftei£8K<fcllflEft«£IW£IH« 
TfcBUflEiesi&EHBReiUfflcWU C(DBt«flc«( 

Brt tsiftsti. kisb^bJi ufcy 7 x-7*«a»ufc 
T^wflcsR^osffisjaars^SflssR^ ©«it*ftc 

«««3E£ilITR£ L tz.Wm& £ tt«fl:£! * ^ LT«B 
ftE#*£i«[BJu:»tf$ftfc£|**jioTftteUi 
£. WEB««lc«fc04fc«Srtl-#ALfc«La*X*»6 
y^XT^Mb, ±j«£ftfcc©:/7X-7£irEiHt 
*t«j« biuE«(e^r*3 f- ek $ n/t ffiE^SMMs^K: 

[»*I18] BffittfE^Sii:. d<om«ftf6£KTR 

20 £Lfc*aftfc:£0£i;;fc:/7Xv£##T*ft*S* 

St. t«»«s«»mt»tt6nfc« 

Bft£iIffi££«*fc7"5Xv£j£i£glc;fc^T. 

a*. s(rE*a*ejii»©fl&saffiJctteas»ts^«**j£-n 
tts*r«fctt«rEeai»*s#»t«»E»*^#»i« i feK 

■t5B«#*!i<ERSft. fftEftB£&8§f::t;ttft8& 

l*!lC#X£»A-f £#X#A^I§:£> it#§§tctt«^-y- 

-r ^ □ h □ >&m$:mj$.-tz>n.mzi^ ji-ttf^n^nm. 

w- it c £ * t r & 7 7 x* v £js sb. 

^ b «t o £ i; y => xv *«j*-r ***** 

RftfcBKReaiast&MTLfcy^x^ritsBiciJir* 

KrE«e% e H&w £ mi mmmm. m z mm l maste-m 

40 seilgR(ctS:tt. coKftfr38oSfrE»**fflicv-f ^ 
ttfc^tSfRratrsr^Xv^jBK^B. 

ritrsfccTfts^t&wat-rsB^i 9irEtt© 

^ L. fcBJB ft J: 0 * U r 5 XT & «»r 4 ft ** S 

**X^^g£. fflEttiBft%£B(*:ft«fi«8mi"K 

50 It tlfeWBft g j*gT» £ *:(! ^. 7" 5 XYMgi (3*5 
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8 7 5 *'^X*^ 9 5 0 # ^XCDPhII:: UfcC 
[0 0 0 1) 

[0 0 0 2] 

ffin^fl:*stffijaai (cvd) *i««c*suTtt«ajs 

tt{fcLTXy^>^fiJc«l*fToTI/»;fc. t:5T. «3 
— X >.y ^ > i^fifclg £ -5 it It IS, f'y XV <h 
ffitt{tUt**XC0^*O/\-^>X^aST*^> < , —13: 
IC. :/7Xv©##S:fcJWt"S:W^BT&5<Z>T. £ 

<£>i$ — ft * 111 r> T ^ . 
[0 0 0 3] ##^* : fMifi7"D-bX4 I Tffl^e,n^± 
I"Eh'7^l7f>7"8I^CVDgiT(S. K-T^tt 
0y7X?^f$fnU >ytt^7XvS4rtt4^ 
7X-74fi!gI«f<!:/j:7Tl»5. >if 30 

ft/t^XAjfi&T^— te^X-riteD, ^x/Mc*f L 
Ti$— & 7" 5 X -?mWWffU A -5 £ <h I' * & „ 
[0 0 0 4] COJipfciS— ft75XvS£j5R-r*fc* 
rjtxffl#jS^#^mm^ 1 9 9 3 ^Hcffl 
«{»lfe3C*30a-HC-8j (KTXiAttt) * rftjffl*) 
336#¥fl5l»iR£f 1 9 9 3 #«JWBHKI&X£30a-HC-9j 

(KTXittBtfSR-r) tE«atiT^s. ztizteam 

tC*5l/»T«. l ?XAagT*^-&7'7X'V^tl,t 

tt77X744^LTUS. £fcft!iCD0tJ£ LTH, 
¥6-112161^atE«<0«fc'5lC. *ffi££5r-A°-ig 

7X'-7^MLT^5. 
[0 0 0 5] 

A, iSCiKBIc&i^TW:. V>?Vi77X^r&£.l8.U5— 
^^^Xtt^XAaiaSlC^TS^^XvOTj-* 50 
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7 XT <£>£fi£ ^rSrojfi^Tff ? fcs&JS ^ 7"^ X -7fg!!it 
?# 6 n& l > 1 1 > -5 ^ h $> -z> Tz. 
[0 0 0 6] ^^¥6-112161^-^(C*31,iTli, |€]&$ 

&tt<SEE 7° □ -fe X IC*5 T ttftfc&lW©^ ^ ICB*. 

[0 0 0 7] ^BjfCDBMte. U >^<7)«|JK«ftlt* 
^ > y-^jatMWfflaSi^— tcfr 7L Z 7" 7 Xv£j£gg£ 
[0 0 0 8] *%^©{fico@6<]tt. «iKifi*m^f*ggp 

!c*sc7t7"^xv^fiX$n^»^Kih-r-2)#a^g 

[0 0 0 9] *mW<D2Zlz{&.(D3mZ. Mf^feo 
T*fc«««£5£Srt»Ti£;*:LT'J >7*#;tcft«^ 
izAHZ-ttzzHz^o. n>/t7 l-teU >7*tt7"7X 

[0 0 10] fete© BBtyi. 536«rt»t? 

[0 0 11] aMfcUUOSKfl&OBWtt, i^-ft^Xv 
[0 0 12] #fSBJWte©glWS£ffiT*i$— &7" 

^ xt * 7"^ jt^-f -a etc 

[0 0 13] *»fl©Ei:ffi©BMtt, 7tPffi©^X/\ 

T^dtlC^.S. 
[0 0 14] 

[MsisRtstftofa:] ±.mgm&mticfz>tz 
c j: o * i; ^ r 5 * ««f r * ft *^ * Eur 

[0 0 15] -t-LT. 3* b<f4. «ES&ej*SI5$:|HlW 
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tt#&lr € 6 (C ft It T 5=— n - « 

[0 0 16] £&£S*L<fct. Kfttt£®$igrt8MI! 

[0017] sfc. ±eaw*BriiT*fc«&i;:. 

t tiftflEttB£|R] * PSBIT * RB# & SiffitEB 

»«£*0tttt;fc75Xv£fifc«Brtfc:EK«*ft. tttt 

g#£j5)t L X 7 XT £ ¥agE«*T !C L t> co T tb 

[0 0 18] Sjfc*fEUHtt. 9£b£ 2 nfcX 

[0 0 19] ±fHBM<£iifiK-r-i.fesi)iC*%BJtt. *E£ 
KR^JBt. £©*««»£BT*£Lfc«««K:«fc») 

» £ R%B£$sm i= » w e> tt£sa&fci*§fl t s« 

[0 0 2 0] $^IC*^(±. cot 
ffigfg^illiT^ L fcWl: «fc 0 * Cfc X^ 7CT 
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^-r^m9.^s.m-r^m%M^-m£. mmm^.^m 

RMI U ««S5££BTI££ b v * a « jg S -fr* 
[0 0 2 1] 3bi:$^(t tEft^Ii:. d©« 

& * 7 - X I C # ffi $ £ CO T- h -5 . 
[0 0 2 2] 

*6«©75XvfflS8«©«IBf®BlT?&5. X^XT$a 

asi loon x^ xv«La*n*6-r*n«*» i 6 

3:#tt-r*;tf 35t, «5l6 ftg&tcffliltfx 

&?ATI)*'7MI3 4 T 1^-5 „ £<=>IC. § 

g§ 1 6 i*j»ictttt«as»T**tm 1 2 &ttB-rsK& 

[0 0 2 3] ggl 6CO±gP(C«. ^ggl 6rtT75X 
30 T$r^$-&^fc*comaft%^ l*5=tZJCCCOm®K 

2 com^ejia5 2 , 4#k&£*ith5. o^o, m. 

ffi1&5t£.M 1 Tf££LfcSa&te£ii|g&£jejrr*>£l 1 
cDm5E&ej*SP2^STei*?S^^§|3!CAltT-5„ -t 

£ti. fg2c9l|m«ej£^4££«T£^-KcDmi&i£ 
(C^^^n. £iKtt§S 5 S8Tit*« 6 C AWT 

[0 0 2 4] 5^b^5i^*#:^6«. *ggg 1 6 CO± 
40 gPtCO- U >i7'^$rffl^T^tZSiOft^bnT*5 0. 
Rt*86i«ll 6 £-CX£SBaw*£?rc#*J:3 

*^x. ^ i cofij£g§ 2 ^itseits&^n 5 £mm.L 

45GHzCOT-< i7 O^Srffl^S^&lCti. Wx.««miSEfl 
30 l Ztl&>9V<Dltmte£ UTIJ. 2.45GHzU^.CO^K 
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u fc in <t' ©ma$t£ii?& ^ffl^^ctiCcto 

*fiWrf2m. "THE <i:&-5. 
[0 0 2 5] Bi«#£6 5 <h«S*fffl. 

©±»£tt. «8&S»«1 7fctttt&nTisD. 1 
4. IWE»« 1 7 $Kt*£ 6 OS^#St L 

[0026] i7 D^cDejisa^-r-s^*. 

wiest. i 6o-»tLT»fSsn*cfb 

^Asnr^-S), -5-lt. * - xi^3 5!;io:n 

[0 0 2 7] 6©fflfi»C»ftSnfc««3'f 

JHOlCiD. 9 izMT^^ CO ha >&m (El 

ectron Cyclotron Resonance; ECR) ® 1 -3 #7KfiR £ *l 30 

WECRffil-AMT^iC^tcU >^y7XT 1 4#J& 

ECRU 3te875#?;*<7)^i5B«®i::fc9, y^Xv 
££j£T3©tcEC'RS/B^te^i*£f-te. 8&}§ttl0rt> 

1 1 ± ICISSS tlfcSS^l 2 5ffi9^-^7X7 1 5 
<fcfc*. ^-©*S*, tJ*U 2 lc#LTl$-&77>Cv«l 40 

a^'nj^t-^-So t:^x-Ec Rffizmmwrn 6 ©#t® 

J£. 8 7 5^>5Xt9 5 Ofl'JXfflKCS^t 

[0 0 2 8] ±SfiUfcJSaiC*^#*5EW*x.y^>d/ 
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35^ffl ^T«?S 1 6 rtffiSKSSMM-*. 

-5-LT. ^Sl^ST'^SmTo rri^tlO OmTo r 

D>l: 1 kW&HL 3 kW©fl!7j£Efl2j|]LT 

^©/iifcSJSl S«!2«iSif 2, 4£t>L 
T»«^9!CAIt$-&4. dllT. M^tS^«^9l*3SP 
i:#ftt§BC l,tC 1 :©Jl-&**X$:-/7Xv<tL. 
*UT77X7tOSf*<BC l^C \ .(VUG; 137,$: 

[0029] 112 \z*mnco{&cDm:MM<Dm.mwm : £^ 
•To a i tm— e>&mz, pi— bbs^t. c©0 2© 

*. *H)5E«T'«. Sl<75«ffiS^ej||SS2^f5»UT^ 
fc*tt«**, *<t>## 2 0 S*rr*RI«lfE«» l 8 
|Wl$jTransverse Electro-Magnet ict— H (WTPlttT . 
EMt-Ftit) (C^&^tU *ijj"##2 o«oii»- 

ttd 0 Kfcf ffcfc Ff*^*>b, S§fH*5& 6 * £ ¥g 
7 t^SMMtS 1 7 iW^iCJFM^nfcT^K 

feints, u y^i^x-* i 4#aws6<£j«3n 

So 

[0 0 3 0] g3H b icffi»*S6^jroi^Br 

BUT?**. **J6«"CttR*fr36 6 affl^'tSlcSI 

&2 0 a^'Jf A^tlT^So fLT. t^ksgft: 2 0 a CD 
«igl 6rt»ffltt««iftS»tR7JCj*ttSnT*Ji3. ffi 
iSS)5tt^ 1 <Z>«fift££j£& 2ttt) (C|?|tt^^g§ 1 8 ^ 
MbTi/^. :©1 3 cDfUjSSWiia 2 ©Hffi^liUT 

tt^K^l 9^b'J>^«S!i^Ma8KTrinW ; &- 
HTg»-T4. LfcAbt. *»«Ktt« 7 T©*«« 

[0 0 3 1] B4IJ. *%B^Wf|b©^SS^J««S»f[SllT- 

s*w«£fflif^ss«i! i o&mmiim 
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[0 0 3 2] &*>. «ffi&Ett&7 a iitft§6 Mi 

ajstssttfi 7 ©±»«a. -rut)*,mn.#f&G b^<D&& 

<fc?iC, fiO. 5mmii!.±WA*-?:OttTi)DXbTt) 
Ml*. . 

[0033] @5 \z*&w<d-2 nzmo^mmommm 

«^9rtC07"^Xv^'i>l5i«lbTV^C<»:«C$)?) < , :ti 

z>77X-?e>ftmz*iL. mn.w-tm-2 l^mmm* 

^*«ftSit«7 t»Jffii5Tt»Al»b. *«iftES*«7 

[0 0 3 4] 16 fi*^WOffi©mE0iJW«E»fffiSITa& 
El 1 ©SSlSS^Jtte. #^?>7S:5«fi8&Sit4R7<£ 
7-7 2 2 Icm^MIC^bT^-S^ffiS-rS. -fft 

iE2 3(C^-r^)CitcJ:0> ftffl£K»t«7 £«ffi© 

»IC»»*«#ftbT'b. MSI 2±\zt%— icaSHS/vr 

[0 0 3 5] El 7 \ttmR<Dfco$&tm<DW8mmx3b 
**jsw*. m3iz^Lrzmmm^mm^fzi,(DX' 

«A2 4 tR*#3BB2 5 *>&«J«bfc s b©T»a. 0>J 
R«{*&A£53S0>S (R**#tt4) iCb. SI 

S&*li£§s 5 A. tt*fr«B^t b 

[0036] i8tt@3 <Dmmm<D^mmx', 

2 0atttt»E»fi7S»«L. ^©tttttMcl&aW 

ffi^rttJjDbfcfcCDTifc*. 0*0. CC0H8Hm^K5 
»«7rta5lC»ai*2 8feBl#tt. Z\(D^&m2 s&m 
|**ifc«4 , 'D#<*:i*i»l-jibT} | &ai8ltK€r»BRbfct)0 
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T£3. :©SSlf2 8 CD— Jj&1&7k l g2 6 (C. fitl2T£ 

»**2 7 \zmm-Tz>z.ttz£o, ttmv 2 8 rt^icey 

#Ttf5. *ffl£K#*1£7C9flS£8i«T- 

T»i*«jfis»« 7 nmzit%nm*y& 0 t» 
10 [0037] E9 (in 3 (Dmmmcomnmmmx'. m 8 

bfc»aWfc©«WBBBT*«. CKDgJBWm. 
ft20a t«ajSS»«7 (Cffla^^*t»«IE*#flDb 

T^S. 1UeSKKStffi7rtgr»!CA*-y7T^3 0 

£ss:w\ ccDA*-y 77^3 0 naii-rs**7tt*& < g2 9 

sa*«7 03tt«a9ffltciftttfc*»©a/h^3i»5«c* 

20 cn(c=kosci:^9F*ggpcD^S7JXcogftn^^jffli-r 

[0 0 3 8] HI 0«*%B^C0$^(C{lbCO||Sg^JCD^8(f 

-S£*ratt#ftflf 3 2 Tfc»C U *^T8tf$t 6 
T^T-5=ke»lCbT^-5)o -ZCDfc®. m2<D$£ffi.MX' 

30 MLTW. C©«t5lca»WIC««»*ifc*bTV» 

<o. yyx^^j)mmz±fs.x^z>. st. #ict— 

-«JC|iItt#«[«fS»«bfc*««©lE*»«tCJtttb 

[0 0 3 9] Ell 1 «*^B^CDS Steffi COH)S60!IT* 
0. 4>'L^#:3 3 aOteCO^JF^J^r^bfcfcCDTrS.S. 

Ell OTli^lg^fCgEMbT^fc^— 
lC*£*bfc«fiD#fr*. **J6«TttSI*#5B6 alCff^ 
jRbfcjra?tti|=JfXbT*«jRKSt«7 lCj*«EbTt» 
40 S. ^ni;=k0. EI3CDj|)Sg^Jt|wlb3ci|)*^ftS^<h^ 

[0040] mi 2\ttmno-z zizm<D^mm<Disim 
BBTS&8. essfiffl^fltsfcttnttteosffles-c 

6 co*«s 9 ®mmzi<tmm%Lix.nm 3 7 0 

*1T*S0. ^8gffit«iKKRSt1S7P B E l[-«'J 
bCCO'J >^«€l8jK*JcMgl5 3 SCOSWffliJT. i)>ifVt 
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1 6 \Z1}7>m$m 3 5 iZJz 0*^5 

6 lCAS*Ufc&. &fl^?ii8£ 
& WffiftEIHE 3 7 TSMLM IC U 
>y«tlR*»8 3 8 9 ICftttSil*. 

IT, iJ>y«75X^l 4£'J>ytt«tt«tt»a5 3 

8coTgptc^fi£-r-5o ^Biisnfc'j >^y7X-7(a 10 

«LTKf^J$#i 3±lcE«3nfcK»K:J$— fry? 
X*-? <h L T Afcf L T^-te 7" 5- X v*iga« t fc Z> . 
#$IJ5EW::«fctU:£. jl#ffl^5.n^>R F77Xvifl; 

[0 0 4 1] 

Ac. *aafc£R*#*rt8PTi£:*, *iSt, US© 20 

[0 0 4 2] SeiCSfc. ra«ttW«*€:T— 

[0 0 4 3] £/c. $^i:J;ntf^-^77XTl:J: 



[0 0 4 4] 
[HffiCDfflWcCUiB-fl] 

[Ell] *«Wro-*ffl|«(0«ttffiBIT**. 
[B2] *5£W©fl&©HJfi«0«»fffiiaT*S. 
[13] #»|lI©»=(i©IStt«©«*rffiHT**. 

[H4] #R«©te©fes6«©tt«®BT**. 
[H6] #«H©te©n««©«wiiiaT&s. 

[17] *!6*OMKfl&«)SI«g«©«fWfffiHT**. 
[18] *«WCffl^6n*«f'C?*#0-5l]MS«0«»r 

lit*?). 

[i 9 ] ^^tcffl t> s, if-c>aM*:©te©s*at«o«E 

[010] *»WOftO*Jfi|(9©«Wf®HT»a. 
[Ill] #fEW©KK:te©£iS«©«KffiBT»S. 
[112] **WO(6©HJfiW©«BfffiHT**. 

[fr^©l$JBJi] 

i ts^tfi. 2 mmKemss. 
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